###### Strengths and limitations of this study

-   A precise clinical question has been posed to fill a gap in knowledge: Is removing a central line prior to achieving full enteral intake safe, in respect to growth outcome of preterm infants?

-   The intervention is simple and limited to a specific time point, which should promote adherence to the study protocol.

-   The study protocol complies with the Standard Protocol Items: Recommendations for Interventional Trials statement.

-   The primary outcome of the study is relatively short term and it may not reflect a longer term effect of the intervention if any.

-   The non-inferiority margin may be questioned as it was arbitrarily set at 210 g after analysing epidemiological data from our hospital.

Introduction {#s1}
============

Over the last decades survival rates among very low birthweight (VLBW) infants have improved substantially. Beyond the risk of death and short-term morbidities, extreme prematurity results in an increased risk of long-term disabilities, which affect the quality of life among VLBW survivors and present a major public health issue.[@R1] Optimising long-term outcome associated with prematurity is therefore the area of great interest in modern neonatology. Postnatal growth failure is one of the most common morbidities affecting VLBW infants. It is defined as weight \<10th percentile at 36 weeks' postmenstrual age (PMA) or at discharge.[@R3] Although by definition it is limited to early postnatal life, the effect of growth faltering often persists into early childhood and even later.[@R2] It has been proven by numerous studies that the risk of postnatal growth failure is inversely related to birth weight.[@R4] In a review written by Dusick *et al*, the authors stated that among a cohort of extremely low birthweight (ELBW) infants cared for at centres participating in the National Institute for Child and Human Development Neonatal Research Network during 2000--2001, 16% of infants were identified as growth restricted at birth, while at 36 weeks' PMA, 89% of infants experienced growth failure.[@R4] A positive relationship between nutritional support, growth and neurodevelopmental outcome is well documented in a number of trials. Stephens *et al* demonstrated that for each 10 kcal/kg/day increase in energy intake and each 1 g/kg/day increase in protein intake during the first week of life, there was an associated 4.6 point increase and 8.2 point increase in Bayley Mental Developmental Index at 18 months' corrected age (CA), respectively.[@R2] Furthermore, Ehrenkranz and coworkers reported, that as the velocity of weight gain and head circumference growth increased, the incidence of severe neurodevelopmental impairment decreased, among ELBW infants during their stay at the neonatal intensive care unit (NICU).[@R5] Early aggressive nutrition is a standard of care in VLBW infants nowadays. This strategy is considered safe and may be beneficial in improving growth of premature infants.[@R6] Adequate nutrition support in the first weeks of life is based mainly on parenteral nutrition that can be provided via central line (CL) access only. Thus, modern intensive care of the newborn cannot be implemented without using CLs that secure reliable intravenous access for weeks. On the other hand, CL insertion is an invasive procedure that puts a neonate at risk of mechanical and infectious complications. Central line-associated bloodstream infections (CLABSI) are the most common type of hospital-acquired infections in neonates.[@R7] Such infections result in higher mortality rates and exert a detrimental effect on short-term morbidity and long-term neurodevelopment among survivors.[@R7] Stoll *et al* demonstrated an association between bloodstream infections in preterm neonates and increased risk of poor neurodevelopmental outcome, including significantly lower mental and psychomotor Bayley Scales of Infant Development II scores, vision and hearing impairment and cerebral palsy.[@R8] Coagulase-negative staphylococcus (CONS) is the most frequent pathogen responsible for CLABSI. Although the mortality rate of CONS sepsis is low, there is an increased risk of cognitive delay among survivors.[@R9] In addition, CLABSIs prolong hospitalisation and result in significant increase in hospital costs.[@R7] With recognition of all the negative consequences of CLABSIs mentioned above, an effort to prevent such infections cannot be overstated. Current guidelines for preventing CLABSIs consist of a group of evidence-based practices called the CL bundle.[@R11] The key components of the CL bundle include hand hygiene, maximal barrier precaution during insertion, chlorhexidine skin antisepsis, optimal catheter-site selection and prompt removal of an unnecessary line. The daily review of the need for a CL comes from an assumption that catheter dwell time is an important risk factor for CLABSI. This hypothesis has already been proven by a number of studies conducted in neonates.[@R13] In the vast majority of VLBW infants, while parenteral nutrition is provided, enteral feedings are started and advanced until full enteral intake is achieved. There is a point in time where the advantages of continued parenteral nutrition are outweighed by the risk of prolonged central vascular access and infection. To our knowledge, there is only one randomised controlled trial that addresses the issue of discontinuation of parenteral nutrition and removing of CLs. In the study, VLBW infants were assigned to have CLs removed and parenteral nutrition discontinued at 100 mL/kg/day vs 140 mL/kg/day. Early CL removal resulted in a delay in time taken to regain birth weight, which was the primary outcome in the study.[@R15] In the absence of evidence from randomised trials regarding the issue of CL removal, recent guidelines are based mainly on experts' opinions and tend to vary considerably. Currently, many quality improvement initiatives targeted at reducing the rate of CLABSI incorporate guidelines for CL necessity and removal into the CL bundle. The California Perinatal Quality Care Collaborative and the Perinatal Quality Collaborative of North Carolina (PQCNC) suggest removing CLs when an infant reaches \>120 mL/kg/day of enteral nutrition.[@R16] The PQCNC CLABSI project resulted in the largest reduction in CLABSI rate among different NICU collaboratives. The authors stated that standardised practice of timely CL removal was one of the key factors in CLABSI reduction.[@R16] In spite of existing guidelines, significant diversity in practice among neonatologists and among different NICUs still exists.[@R16] This results from the perception that earlier CL removal conflicts with optimal nutrition and increases the risk of suboptimal growth. There is a gap in knowledge regarding the safety of early CL removal in respect to growth outcome. Therefore, we decided to conduct a study in order to determine whether earlier CL removal is non-inferior to its removal after reaching full enteral intake in respect to weight of preterm infants at 36 weeks' PMA.

Methods and analysis {#s2}
====================

The study protocol closely follows reporting guidelines included in the Standard Protocol Items: Recommendations for Interventional Trials statement.[@R18]

Objectives {#s2-1}
----------

The primary objective of the trial is to determine whether earlier CL removal is non-inferior to its removal after full enteral intake is achieved, in respect to weight of preterm infant at 36 weeks' PMA. Secondary objectives include the influence of the intervention on the incidence of all-cause death, the incidence of CLABSI, time to regain birth weight, growth parameters at 36 weeks' PMA and at the age of 18 months' CA.

Trial design {#s2-2}
------------

The study is designed as a non-inferiority randomised controlled trial with two parallel groups. A stratified randomisation will be performed using permutated blocks of varying sizes with a 1:1 allocation.

Study setting {#s2-3}
-------------

The study started in January 2019 at the neonatal department (a tertiary care clinical hospital for women: Neonatal and Intensive Care Department, The Medical University of Warsaw, Poland) with approximately 100 VLBW infants cared for annually. Providing parenteral nutrition via CL is standard of care used in a majority of these patients. In view of low rate of recruitment we included a second neonatal department (Division of Neonatology and Neonatal Intensive Care, First Department of Obstetrics and Gynaecology, The Medical University of Warsaw, Poland) in March 2019. We plan to include two more neonatal departments in the following 6 months. The enrolment period will extend over 24 months (January 2019 to January 2021).

Eligibility criteria {#s2-4}
--------------------

Caregivers must provide written informed consent before any study procedures occur.

At study inclusion patients must comply with all of the following criteria: (1) birth weight ≤1500 g, (2) birth weight ≥3rd percentile at a given gestational age, (3) CL inserted (PICC, Peripherally Inserted Central Catheter or UVC, Umbilical Venous Catheter), (4) oral intake not exceeding 100 mL/kg/day at randomisation, and (5) lack of congenital illness or malformation that may affect growth.

The exclusion criteria will be as follows: (1) birth weight \>1500 g, (2) birth weight \<3rd percentile at a given gestational age, (3) no CL inserted, (4) oral intake ≥100 mL/kg/day at randomisation, (5) congenital illness or malformation that may affect growth, and (6) participation in other intervention trials that may affect primary outcome.

Intervention {#s2-5}
------------

Eligible infants will be randomised in equal proportions between two groups. In the intervention group (early CL removal) CLs will be removed at the time the infants reach 100 mL/kg/day of enteral intake. In the control group (standard CL removal) CLs will be removed at the time the infants reach 140 mL/kg/day of enteral intake (full enteral intake). CLs will be removed after three consecutive well-tolerated feedings with no contraindications for CL removal present such as:

-   Necessity of administration of drugs that must be given via central venous access.

-   Necessity of administration of drugs that must be given intravenously along with difficulties to secure peripheral venous access.

-   Necessity of prolonged (\>7 days) administration of drugs that must be given intravenously.

-   Decision to continue parenteral nutrition along with difficulties to secure peripheral venous access.

Assessment of feeding tolerance will be at discretion of the physician taking care for the infant. After CL removal, infants in the intervention group may continue to receive parenteral nutrition via peripheral venous access depending on the decision of the physician. The solution used to provide parenteral nutrition via peripheral venous access will contain at maximum 2.5% amino acids, 10% glucose and no calcium or phosphate preparations to ensure the fluid's osmolality does not exceed 900 mOsm/L and that the solution will be well tolerated when administered via peripheral vein.

Parenteral nutrition will be prescribed according to the local protocol.

Enteral nutrition will be initiated during the first days of life and advanced gradually at the discretion of the physician.

Criteria for discontinuing allocated intervention {#s2-6}
-------------------------------------------------

If an infant presents with a serious complication of central venous catheterisation such as CLABSI, pleural or pericardial effusion, cardiac tamponade, ascites, pericarditis or catheter-related thrombosis and requires earlier CL removal, this will be done regardless of the study protocol. The assigned intervention will be discontinued, unless a second CL is inserted. Excluded patients will be retained in the study to enable data collection and management. The infants' data will be included in the statistical analysis to compare the rate of CLABSI between two study groups. If an infant is diagnosed with a disease known to significantly impair growth (ie, short bowel syndrome) he will be excluded from the study.

Compliance {#s2-7}
----------

Medical records (MR) of patients included in the study will be visibly marked to promote adherence to the study protocol. A flow chart explaining inclusion, exclusion and discontinuation criteria will be available in the patient's MR. Before starting the study, a meeting will be scheduled to introduce the staff to the study protocol. This meeting will include:

-   Brief presentation of the study protocol including justification for undertaking the trial and possible impact of the study outcome on everyday practice.

-   Instructions about the way the intervention should be applied.

Face-to-face adherence reminder sessions will take place on a monthly basis at the department where the study will be conducted. Staff will be asked about any problems they are experiencing with implementing the study.

Explanation for choice of comparators {#s2-8}
-------------------------------------

In the intervention group, we chose to discontinue CLs at ≥100 mL/kg/day of oral feeds, following a common conception, that this reduces the rate of CLABSI. In the control group, we chose to remove CLs at ≥140 mL/kg/day of oral feeds (full enteral intake), as this is considered the standard of care in the study site. Its selection as comparator is therefore justified.

Outcome measures {#s2-9}
----------------

The primary outcome measure will be weight at 36 weeks' PMA. Non-inferiority will be declared if a lower bound of the 95% CI around the estimated mean difference in weight at 36 weeks' PMA between the two intervention arms lies above the non-inferiority margin set at −210 g.

Secondary outcomes will include:

-   Head circumference at 36 weeks' PMA.

-   Length at 36 weeks' PMA.

-   The rate of CLABSI within the intervention period and 2 days after completion.

-   Growth parameters (weight, length and head circumference) at 18 months' CA.

-   All-cause death.

-   Time to regain birth weight.

-   Number of peripheral intravenous accesses inserted until discontinuation of parenteral nutrition provided after CL removal.

-   Need for CL insertion within 7 days following intervention because of feeding intolerance.

-   Length of hospital stay.

Participant timeline {#s2-10}
--------------------

The intervention period, in terms of data necessary for the primary outcome, will last until infants reach 36 weeks' PMA.

Anthropometric measurements (weight, length and head circumference) will be collected on three separate occasions, that is, at birth, at 36 weeks' PMA and at 18 months' CA.

The timeline of the study is presented in [table 1](#T1){ref-type="table"}.

###### 

The timeline of the study

  Study plan                      V0   V1   V2   V3   V4
  ------------------------------- ---- ---- ---- ---- ----
  Enrolment                                           
   Eligibility assessment              x              
   Informed consent reception          x              
   Allocation and randomisation        x              
  Intervention                              x         
  Anthropometry                   x              x    x
  Data collection                 x                   

CA, corrected age; PMA, postmenstrual age.

Sample size {#s2-11}
-----------

Based on retrospective epidemiological data of approximately 117 VLBW neonates retrieved from the MRs of the Neonatal and Intensive Care Department of the Medical University of Warsaw, the estimated mean (SD) weight at 36 weeks' PMA or at the day of discharge was 2096 (357) g. Equal value of SD was assumed for the sample size estimation for both groups in the present study. However, due to earlier cessation of feeding through CL compared with the control group, growth rate in the intervention group could be impaired until full enteral intake is reached. This leads to an increased risk of failure to demonstrate non-inferiority, and consequently inflates the minimum sample size required to reach test validity. As a standard hospital practice, after CL removal neonates receive parenteral nutrition via peripheral venous access when needed, which may partially counterbalance growth slowdown after earlier cessation of parenteral nutrition provided by CL. The sample size was estimated to detect a putative 50 g mean weight difference between both groups, assessed by the non-inferiority test for two independent means (α=0.025% and 80% power). The non-inferiority margin was set at −210 g, which represents a 10% decrease in mean body weight estimated from retrospective epidemiological data. Moreover, the value of 210 g is within one centile range. Assuming equal sized groups and the 20% dropout rate, the number of subjects to be recruited to each group will be 99. Sample size calculations were performed with a cost-free available power and sample size calculator provided at <http://powerandsamplesize.com/Calculators> (HyLown Consulting, USA).[@R19]

Sequence generation {#s2-12}
-------------------

Participants will be randomly assigned to either the intervention or control group with a 1:1 allocation as per a computer-generated randomisation schedule.

A separate randomisation list will be created for each stratum defined as the cross-classification of two balancing factors: gender (girls vs boys) and gestational age (≤26 weeks+6 days vs ≥27 weeks+0 days).

The allocation sequence will be generated by the service managed by an external statistical team. The randomisation schedule will remain with the statistical team for the whole duration of the study, investigators will be blinded to block lengths; however, sufficiently short lengths will be used to minimise the possible imbalance between groups. This adopted strategy complies with the International Conference on Harmonisation (ICH) E9 Guidance on statistical principles for clinical trials.[@R20]

Allocation concealment mechanism and implementation {#s2-13}
---------------------------------------------------

Allocation concealment will be ensured, as the statistical team will not release the randomisation code until the patient has been recruited into the trial, which takes place after all baseline measurements have been completed. Randomisation will be requested by one of the recruitment staff. The information about treatment allocation will then be given to the staff taking care of the patient. The staff will be aware of the past treatment allocations. In order to reduce the risk of predictability and selection bias, variable block sizes will be chosen at random from a specified subset of block lengths.

Blinding {#s2-14}
--------

Due to the nature of the intervention, staff cannot be blinded to allocation.

Data collection and management {#s2-15}
------------------------------

All patients' data will be collected using an electronic case report form. Access to the study data will be restricted to involved researchers only. A password system will be used to control access.

Researchers will be responsible for obtaining anthropometric measurements. In order to perform accurate, precise and standardised measurements they will follow guidelines from the Anthropometry Handbook prepared by the INTERGROWTH-21(st) Anthropometry Group.[@R21]

Daily protein, glucose, lipid and energy intakes will be collected by chart review during provision of parenteral nutrition. Data regarding daily enteral intakes for the first 4 weeks of life will be collected. Mean daily protein and energy intakes will be calculated for weeks 1, 2, 3 and 4 and presented as the amount received per kilogram of body weight per day. Moreover, the data on the type of enteral feeding at discharge will be collected.

CLABSI will be defined according to the Centers for Disease Control and Prevention/National Healthcare Safety Network criteria. The CLABSI rate per 1000 CL-days will be calculated by dividing the number of CLABSIs by the number of CL-days and multiplying the result by 1000.[@R22]

In infants in whom only one blood culture will be obtained, which turns out positive for a common skin commensal, we will apply criteria from Vermont Oxford Network to classify the event as a bloodstream infection.

In order to determine the day of regaining birth weight we will follow the definition used in the study conducted by Drenckpohl *et al*. If the infants remain above their birth weight for 3 consecutive days, the first day of the three weights will be used as the date of regaining birth weight.[@R23]

These data will be obtained from the patients' MR.

Randomised infants prematurely discontinued from the study will have the same clinical evaluations performed as if they remained in the study. All participants will be included in the intention-to-treat (ITT) analysis, regardless of adherence. In addition, per-protocol (PP) analysis of patients whose observations have been completed in accordance with the protocol will be performed to estimate the effect of missingness or protocol deviations on the statistical analysis. The analysis for both, ITT and PP population, is advised in non-inferiority trials according to ICH E9 Note for Guidance and The European Agency for the Evaluation of Medicinal Products guidance, as both ITT and PP play different roles in the analysis.

Statistical methods {#s2-16}
-------------------

Baseline characteristics will be presented for all children in the ITT and PP analysis sets, by the treatment group. Dichotomous and nominal variables will be presented as frequencies, ordinal and discrete variables as a median and IQR and continuous variables as a mean and SD, along with 95% CI. In case of missing data that is, due to adverse events (AE) or dropouts, in the follow-up analysis a weighted average to take account of changes in the gender ratio will be applied. Continuous variables will be tested against normality of distribution and the equality of variances between groups. For continuous variables distributed normally the differences in means will be tested using t-test, for continuous variables not distributed normally and for discrete and ordinal variables between groups comparison will be performed using Mann-Whitney U test. The primary outcome will be assessed with one-tailed unpaired two-sample t-test for non-inferiority. Secondary and safety outcomes will be tested for two-sided superiority. Proportions of dichotomous variables will be tested using χ^2^ or Fisher's exact test, whichever is appropriate. In addition, the risk ratio (RR), the OR and the number needed to treat will be assessed. For secondary outcomes, the difference will be considered significant when p values calculated in statistical tests will be \<0.05 or when the 95% CI for the mean difference will not include 0, or 1 in case of RR or OR.

Monitoring and harms {#s2-17}
--------------------

Data monitoring committee has not been established since the intervention within the trial does not differ from standard of care in VLBW infants.

We will define an AE as any untoward medical occurrence in a subject without regard to the possibility of a causal relationship. AEs will be collected after the subject has provided consent and enrolled in the study. All AEs occurring after entry into the study and until hospital discharge will be recorded. An AE that meets the criteria for a serious adverse event (SAE) between study enrolment and hospital discharge will be reported to the local ethical committee. An SAE for this study is any untoward medical occurrence that is believed by the investigators to be causally related to study intervention and results in any of the following: fatal or life-threatening condition, permanent disability or prolonged hospitalisation. SAEs occurring after a subject is discontinued from the study will not be reported unless the investigators feel that the event may have been caused by a protocol procedure.

The study will monitor for the following CL-related AEs: CLABSI, pleural or pericardial effusion, cardiac tamponade, ascites, pericarditis or catheter-related thrombosis. The list of anticipated CL-related AEs will be an integral part of the electronic questionnaire. The open-ended section 'other adverse events' will also be included in the questionnaire. The possibility of continuing parenteral nutrition by peripheral venous access is aimed to reduce the risk of dehydration and malnutrition attributed to earlier CL removal. Taking into account the possible AEs related to the peripheral venous access and the pain caused by its insertion we will collect data on the number of peripheral intravenous accesses inserted until discontinuation of parenteral nutrition and AEs related to its usage. We will monitor patients for the necessity of CL insertion because of feeding intolerance within 7 days following intervention. The data also will be noted in the electronic questionnaire.

The data on AEs will be presented for each study group of the trial and each type of AE separately. For events with many recurrences we will provide the number of affected participants and the number of events for each study group.

Patient and public involvement {#s2-18}
------------------------------

Patients and public were not involved in the design of the study.

Ethics and dissemination {#s2-19}
------------------------

Any important modifications to the protocol including changes of study objective, study design, patient population, sample sizes or study procedure will be documented in the study protocol as formal amendments. Such amendments will be submitted to the Bioethics Committee of the Medical University of Warsaw for a review.

Patients eligible for the study will be offered to participate in the trial by one of the researchers. Parents considering participation will receive oral and written information about the study and they will be given the opportunity to ask questions. The researcher prior to enrolment in the study will obtain written consent from the patient's caregiver (see [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}).
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All individual participant data collected during the trial will be available, after deidentiﬁcation. The study protocol will also be available. The above documents will be accessible to anyone who provides a methodologically sound proposal, immediately following the publication with no end date.

The findings of this trial will be submitted to a peer-reviewed journal (neonatology, paediatrics or nutrition). Abstracts will be submitted to relevant national and international conferences.

Supplementary Material
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